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We thus hypothesise that H. cunea populations will be locally adapted to their 137 overwintering thermal environment, generating non-parallel reaction norms for fitness-related 138 life-history traits, such that fitness is maximised in natal overwintering conditions. We predict 8 139 that this local adaptation will stem from divergence of overwintering metabolism between 140 populations, which will alter reaction norms for energy use, growth and post-winter 141 development.
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Materials and methods
143
OVERVIEW OF STUDY DESIGN
144
We employ a reciprocal common-garden design, 
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Remaining larvae were discarded in late October when the host plant leaves began to senesce.
186
All larvae that successfully pupated were considered to have survived the larval period, while 187 larvae that did not pupate before 28 October were included in larval mortality estimates.
188
Although pupae from each family were allocated evenly between overwinter environments, some 189 families were underrepresented in some treatments by the end of winter due to mortality.
190
The pupae were kept in the dark in 6-well cell culture plates with a moist paper towel on 
257
Results
258
MICROCLIMATE DIFFERENCES AMONG SITES
259
Mean microclimate temperatures in Ohio were warmer and accumulated more heat units 260 over winter than those in Ontario (t1=18.3, p=0.035; Table S1 ; Fig. 2 ). In Ohio, the data loggers 261 were covered by snow for only a few weeks in January, while in Ontario there was some snow in 262 late November, and continuous cover (leading to low thermal variability) from mid-December to 263 late March ( Fig. 2A , Table S1 ). In months without snow cover, thermal variability of 264 microclimates at the two sites was similar (Table S1 ). Incubator temperature regimes calculated 265 from these data reflected what we regard as the salient features of the thermal environment at 266 each site: specifically, the longer period of low and stable temperatures in Ontario, and the 267 greater thermal variability and accumulation of heat in Ohio (Fig. 2C ). Table S3 ). Reaction norms for pupal length in April revealed a similar interaction between 278 ecotype and environment, except that in this case the pupal size was similar in cool 279 environments, while Ohio pupae were considerably larger than Ontario pupae in the warm 280 environment (Fig. 3C , Table S2 , Table S3 ). By adulthood, Ohio ecotypes were larger and there 281 were no effects of overwintering environment (Fig. 3D , Table S2 , Table S3 ). Females were 282 larger in all size and mass measurements (Table S2, Table S3 ). Table S2 ). Fecundity was positively related to mass, and 288 thus larger Ohio ecotypes tended to lay more eggs than did Ontario ecotypes (Fig. 4C , Table S2 ).
268
LIFE HISTORY MEASUREMENTS
289
However, there was no effect of ecotype or environment on fecundity once size was controlled 290 for (Table S2) . Each ecotype survived to adulthood better under their natal overwintering 291 conditions than did the non-natal ecotype (ecotype × environment z = 1.966, p = 0.049; Fig. 4D ). (Table S5) , while for males there was no effect of 311 ecotype or environment on carbohydrate content at the end of winter. Soluble protein was higher 312 in females at both the beginning and end of winter (Table S4, Table S5 ). Lipid-free dry mass was 313 higher for females than for males, but did not differ by ecotype or environment at either the 314 beginning or the end of winter (Table S4, Table S5 ). Table S2 , thus taking into 675 account the effects of family and any significant covariates. See Table S3 for raw data. Table S2 , thus taking into 690 account the effects of family and any significant covariates. See Table S5 for raw data. (Table   695  S2 ). Pupae kept under warm winter conditions had decreased metabolic rates at the beginning of 696 winter, while at the end of winter pupae from Ontario had less temperature-sensitive metabolism. Supporting information
SUPPORTING METHODS
Respirometry data processing
We drift-corrected water and CO2 measurements to the baseline chamber, then converted into CO2 production using the following equation (Lighton 2008) :
Where VCO2 is the rate of CO2 production in mL·min -1 ; FRi is the incurrent flow rate in mL·min -1 , and FeCO2 and FiCO2 are the fractional concentrations of excurrent and incurrent CO2
respectively.
We measured VCO2 of each pupa over a 40 min period after a minimum of 1 h acclimation and calculated mean VCO2 emission over the final 30 minutes of recording to allow accumulated gases to wash through the system. We converted VCO2 to VO2 (rate of O2 consumption) assuming a respiratory exchange ratio (RER) of 0.8:
and then converted VO2 into metabolic rate in Watts (J·sec -1 ) using the oxyjoule equivalent -4.7 ± 1.5 1.7 ± 3.9 23.7 ± 5.4 25 -5.8 ± 2.5 4.0 ± 5.5 25.8 ± 8.9 5 April -2.4 ± 3.0 8.7 ± 7.5 39.2 ± 8.1 0 2.8 ± 2.8 12.7 ± 5.5 33.5 ± 7.7 0 May 3.9 ± 2.6 13.7 ± 5.7 33.7 ± 7.2 0 9.3 ± 2.2 17.2 ± 4.1 33.7 ± 5.5 0 Absolute min -5.4 -9.1 Absolute max 42.1 34.8 Length of snow cover 14.5 weeks 5.5 weeks 
